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The Segond fracture is a small vertical avulsion injury of the lateral aspect of the proximal tibia just distal to the plateau.
It results from excessive internal rotation and varus stress. The plain film and arthrographic findings were studied in nine patients with the fracture. Although previous publications have relied primarily on the anteropostenor projection for diagnosis, the injury was apparent only on the tunnel view in two of our cases. The arthrogram was particularly important in identifying abnormalities of the anterior cruciate ligament (nine of nine cases) and/or meniscal tears (six of nine cases). The arthrographic findings related to the lateral ligamentous damage depended on the severity of the injury and on the interval between the injury and the arthrogram. In our series, the Segond fracture was uniformly associated with detachment of the capsular portion of the lateral collateral ligament and tears of the anterior cruciate ligament.
In the majority of cases, there were associated injuries of the menisci and other supporting ligaments.
The small avulsion fracture of the proximal lateral tibia, referred to as the Segond fracture, is associated with extensive internal derangement of the knee joint [1 , 2] . Originally described in cadaveric experiments by Paul Segond in 1836, it was first recognized on radiographs of patients in 1 936 [3] . The purpose of this report is to describe the clinical and radiographic features of the fracture and its associated soft-tissue injuries. In seven instances, the test was noted to be madequate owing to muscle spasm or pain. In one case, the pivotshift test was not specifically mentioned in the chart. In all cases, the plain radiographs showed an avulsion fracture adjacent to the meniscotibial attachment of the mid-dIe third of the lateral capsular ligament ( Figs. 1-3 ). The fracture fragments originated 2-1 0 mm (average, 5 mm) below the cortex of the tibial plateau. Their sizes varied from 4 to 27 mm (average, 1 3 mm). Displacement was minimal and ranged from 1 to 4 mm (average, 2 mm). The fracture fragment was aligned vertically in seven cases ( Fig. 1 ) and tilted in two (Fig. 2) . In six patients, the fracture and its site of origin could be identified on standard anteroposterior views. However, in two cases, the Segond injury could be diagnosed only on the tunnel projection ( Fig. 3 ). In one additional patient, the fragment was poorly seen on the anteroposterior projection but definitely visible on the tunnel view.
Materials and Methods
In seven cases, a joint effusion was seen on the lateral radiograph ( Fig. 2 ).
Four patients had additional osseous injuries including an osteochondral defect in the anterior lateral femoral condyle ( Fig. 4) , an avulsion fracture of the tibial eminence at the insertion of the anterior cruciate ligament (Fig. 2) , an avulsion of Gerdy tubercle at the insertion site of the iliotibial band ( Fig. 5 ), and an avulsion of the fibular head at the insertion of the fibular collateral ligament ( Fig. 6 ). Two additional plain film findings were heterotopic ossification in a torn anterior cruciate injury ( Fig. 5 ) and abnormal widening of the lateral joint space on a standing anteroposterior film ( Fig. 4 ).
In the five patients in whom arthrograms were obtained within 8 days of injury, aspiration at the time of the study yielded 5-50 ml of bloody fluid. Three of the four patients studied over a 1-month period after injury had no fluid. In all nine patients, the arthrograms showed a torn or absent anterior cruciate ligament (Fig. 1) . One study showed an additional tear of the posterior cruciate ligament. In four patients, studied within 8 days of injury, extravasation from the lateral capsule was seen. In three additional patients, compression of the popliteus tendon sheath reflected edema or adhesions ( Fig. 1 ) [4] . In one patient, disproportionate widening of the lateral compartment with minimal stress was noted. Meniscal tears were present in six of nine patientsthree lateral, two medial, and one both lateral and medial. Surgical correlation was available in six cases (four arthroscopy and two open exploration).
In five patients, the tear of the anterior cruciate ligament was confirmed. In one case, the anterior cruciate was incompletely visualized at surgery. In five instances, distal detachment of the lateral capsular ligament was documented.
In two patients, additional lateral injuries were shown (iliotibial band, biceps, and popliteus insertion). Five of the six patients with meniscal tears had surgical or arthroscopic exploration that confirmed cartilage injury.
Discussion
A review of the soft-tissue structures on the lateral side of the knee joint is necessary to understand the sites of avulsion injuries associated with lateral instability of the knee.
The stability of the lateral aspect of the knee joint relies on a combination of interdigitating intra-and extracapsular liga-GOLDMAN ET AL.
AJA:151, December1988 7 ments and muscular structures [5] . The anatomy of these lateral soft-tissue structures is complex and still controversial. The lateral soft-tissue structures can be divided into superficial, intermediate, and deep layers [6, 7] or into anterior, middle, and posterior subdivisions [1 , 8, 9] . The soft-tissue structure that is most relevant to the Segond fracture is the deepest layer, referred to as the lateral capsular ligament (Fig.   7 ) [6] .
The lateral capsular ligament extends from the patella and patellar tendon to the posterior cruciate ligament [9] and is divided into three sections.
The anterior portion extends from the patellar tendon to the iliotibial band. The iliotibial band is superficial to the lateral capsular ligament and is an extracapsular structure that inserts proximally on the epicondylar tubercle of the femur and distally on Gerdy tubercle of the anterior tibia [7-1 0]. The middle section ofthe lateral capsular ligament is defined anteriorly by the iliotibial band and posteriorly by the fibular collateral ligament (Fig. 7 ) [8] . The fibular collateral ligament is also superficial to the lateral capsular ligament and is an extrasynovial structure that attaches to the femur proximally and both the tibia and fibula distally [3, 6, 7, 10] . The posterior third of the lateral capsular ligament extends from the fibular collateral ligament to the posterior cruciate ligament [8, 9] .
The middle section of the lateral capsular ligament is thin but has strong attachments both to the femur (meniscofemoral portion) and to the tibia (meniscotibial portion) [2, 8, 9] . Within its middle third, the lateral capsular ligament 1 and 2) . Displacement is minimal. Several previous publications [1 , 2, 1 1] have indicated that a Segond fracture is best detected on the anteroposterior projection. In our nine cases, two Segond fractures were seen only on the tunnel projection (Fig. 3) . The Segond fracture can coexist with damage to other lateral structures and other avulsion injuries. In 1 936, Milch [3] reported a patient with both a Segond fracture and a fracture of the fibular head. The fibular head is the site of attachment of both the fibular collateral ligament and the biceps. This combination of fractures was also identified in one of our cases and resulted in straight lateral instability ( Fig.  6 ) [2, 9] . In 1962, Smillie [1 9] described an avulsion fracture of Gerdy tubercle reflecting detachment of the iliotibial tract. One of our patients had a combination of Segond and Gerdy tubercle fractures (Fig. 5) . In an additional patient, who did not have an arthrogram and is not included in the study, a combination of all three lateral avulsion injuries was seen ( Fig. 8 ).
Other plain film findings related to instability of the lateral side of the knee include a posttraumatic defect in the anterolateral femoral condyle and abnormal widening of the lateral joint space on a standing film ( Fig. 4) . Losee et al. [12] described an abnormal notch on the posterior aspect of the lateral condyle in patients with anterolateral rotational instability. This finding was not seen in any of our patients.
The Segond fracture is not only associated with injury to the lateral capsular ligament but also with injuries to other ligamentous structures and menisci. The role of the arthrogram in detecting these additional injuries has not been emphasized in previous publications.
The contrast-enhanced examination is particularly helpful because the clinical examination is often limited by spasm or guarding.
Tears of the anterior cruciate ligament have been reported in 75% [2] to 1 00% (current series) of patients with Segond fractures (Fig. 1) . Surgical studies have shown that the cruciate tears can involve either the tibial attachment or the midsubstance of the ligament [2, 1 1] . Rarely, an avulsion of the tibial eminence may be identified on plain films, reflecting the cruciate injury accompanying the Segond fracture (one of our nine cases) (Fig. 2) . Even more unusual is a patient with heterotopic ossification in the distribution of the anterior cruciate ligament reflecting the injury (Fig. 5 ). In most instances (seven of nine cases), the contrast study is necessary to radiographically evaluate the integrity of the anterior cruciate ligament. In one patient, an additional posterior cruciate ligament tear was identified.
Arthrographic evaluation of the lateral ligaments adds little information to the plain film finding of the "lateral capsular sign" [2] . Evaluation of the lateral ligaments on the enhanced study depends on the extent of the injury and on the interval between the injury and the arthrogram.
Direct demonstration of a lateral capsular ligament tear depends on two factors. First, the study should be done within days (preferably 72 hr) of trauma because the capsule becomes watertight over time. Second, the injury must affect the substance of the ligament as well as its distal attachment in order to disrupt the capsule. Only four of nine arthrograms showed extravasation of contrast material beyond the lateral confines of the capsule. An additional four studies showed indirect abnormalities reflecting lateral damage, specifically, compression of the popliteus sheath in three studies (Fig. 1) [1 5 ] and abnormal widening of the lateral side of the joint in one study. In six cases, surgery revealed lateral capsular damage in all instances and additional lateral ligament tears in two (popliteus, iliotibial band, and biceps). Meniscal injuries, both medial and lateral, have been reported in 66-70% of patients with anterolateral rotational instability of the knee [6-8, 1 1 , 13, 14] . Six ofthe nine patients studied arthrographically had meniscal tears (three lateral, two medial, and one both). In five ofthese six patients, surgery confirmed meniscal injury. In summary, the Segond fracture is a small osseous avulsion that indicates tears of the meniscotibial attachment of the middle one-third of the lateral capsular ligament and anterior cruciate ligament. In a majority of cases, meniscal damage and/or tears of other ligaments are present. The double-contrast arthrogram is useful in evaluating the integrity of the cruciates and menisci and in determining the extent of injury in patients with plain film evidence of a Segond fracture.
